Abstract-Mobile Ad-hoc Networks (MANETs) are mobile, multi-hop wireless networks that can be set up anytime, anywhere without the need of pre-existing infrastructure. Due to its dynamic topology the main challenge in such networks is to design dynamic routing protocols, which are efficient in terms of consumption of energy and producing less overhead. The main emphasis of this research is upon the prominent issues of MANETs such as energy efficiency and scalability along with some traditional performance metrics for performance evaluation. Two proactive routing protocols used in this research are single-path AODV versus multi-path AOMDV. Extensive simulation has been done in NS2 simulator, which includes ten scenarios. The simulation results revealed that the performance of AOMDV is more optimal as compared to AODV in terms of throughput, packet delivery fraction and end to end delay. However, in terms of consumption of energy and NRL the AODV protocol performed better as compared to AOMDV.
I. INTRODUCTION
In Mobile Ad-hoc Networks (MANETs) the mobile nodes can connect dynamically using a variety of wireless media without any centralized infrastructure [1] . There are many advantages of MANETs as compared to the traditional network such as ease of establishment of network, reduced infrastructure cost etc. In MANETs each mobile node not solely operates as a host but additionally works as a router and has the capability to perform routing [2] . The transmission range of the mobile nodes is limited due to which the nodes frequently join and leave the network and as a result, the network topology updates again and again [3] . The mobility of the nodes in MANETs can cause the links to break due to which the nodes recalculate routing information in order to establish the links. This process consumes power, processing time, memory and produces additional traffic [4] . The potential of the Ad-hoc networks is that it can be used in the situations where infrastructure is not available and technically not possible to deploy such as disaster and military operations. The situations can also include low power sensor networks [5] .
In MANETs, routing is a very critical task that should be deal with very care. To send the data between the source node and the destination as well as to establish the connection, there is a need for routing protocols. Due to dynamic and unexpected topology changes in MANETs, the design of an efficient routing protocol in terms of consumption of energy and producing less overhead is very important and it is a significant challenge for such type of networks. The routing protocols have been developed to deal with the challenges, such as security, energy and delay. However, there are shortcomings in some aspects and improvement in others. Furthermore, the cooperative routing algorithms that are associated to energy gathering are quite limited [6] .
There are few studies related to energy consumption calculation of wireless network in ad-hoc mode such as the research conducted in [7] proposed an energy efficient MAC protocol having multichannel and provisioning of quality of service in MANETs. The research conducted in [8] proposed an energy efficient secure selection of MPR mechanism which considers both security metrics as well as energy metrics for the selection of MPR. More specifically, there is a lack of detailed evaluation of energy consumption of mobile ad-hoc network protocols.
We believe that energy-aware designing and analysis of known-protocols for the ad-hoc networking environment needs sensible data of the energy consumption behavior of actual wireless nodes. Additionally, it's vital to present this information in a manner that is helpful to protocol developers as well as to researchers. The main focus of this research are benchmarking performance against criteria of energy efficiency and scalability along with most traditional performance metrics for performance evaluation of two proactive routing protocols. The first one is a single path named AODV [9, 10] , while the second one is multi-path called AOMDV [11, 12] respectively. This research work provides a paradigm for future studies of the development of dynamic routing protocols which are more efficient in terms of energy consumption and producing less overhead. All of which are considered to be prominent issues of MANETs. This research utilized the mendeley reference manager [13] for organizing this research, as well as for referencing.
A. MANETs Routing Protocols
Generally, MANETs routing protocols are often categorized into the subsequent three categories [14, 15] : Science and Applications, Vol. 9, No. 8, 2018 279 | P a g e www.ijacsa.thesai.org 1) Proactive or Table-Driven routing protocols are based on the traditional link state and distance vector algorithms that are primarily meant for wired networks. These protocols maintained and periodically update their routing tables through interchanging the broadcast control messages.
2) Reactive or On-demand routing protocols are designed to have less overhead as compared to proactive routing protocols because the connection is only established when it is required by the source. This is typically done through a twostage process known as route discovery.
3) In order to increase the overall scalability of routing Hybrid routing protocols were introduced which includes the features of both reactive and proactive routing protocols. In hybrid routing protocols, the network is comprised of various zones. The network route within each zone is kept up proactively and the routes between zones are resolved responsively.
B. Ad hoc On-Demand Distance Vector (AODV) Routing
Protocol AODV [9, 10] is proactive, single path, loop-free distance vector routing protocol. It is based on DSR's on-demand route discovery mechanism, with the idea of destination sequence numbers from DSDV, but it is different from DSDV by using hop-by-hop routing approach. AODV maintains routes only between nodes which need to communicate with each other. Each mobile node keeps a routing table which maintains information about next-hop of a path towards the destination node. In order to transport packets correctly towards the destination, the protocol uses two procedures: Route discovery of route between the source and the destination and route maintenance. It uses route request message (RREQ) and route reply message (RREP) for route discovery, and uses Route Error (RERR) for route maintenance. Moreover, Hello messages are used to preserve the connectivity between neighboring nodes.
C. Ad hoc On-Demand Multipath Distance Vector Routing
Protocol Depending upon the distance vector idea and utilizing hopto-hop routing concept AOMDV discover routes on-demand utilizing a route discovery technique. The primary difference between AOMDV and AODV lies within the number of routes found in every route discovery [11] . The essence of the AOMDV protocol lies on guaranteeing that multiple paths discovered will be loop-free as well as disjoint, and in effectively finding such routes utilizing a flood-based route discovery [12] . Route update runs in AOMDV are executed locally at each node which has a key part in keeping up loopfreedom and disjoint attributes.
The rest of the paper is organized as follows: Section II includes the relevant research work done. Section III contains the research methodology adopted for carrying out this research. In Section IV results generated are discussed in detail. In Section V the research work done is concluded and at the end there are references.
II. LITERATURE REVIEW
Although energy consumption is agreed to be of importance within the design of ad-hoc networks routing protocols. However, most of studies regarding performance evaluation relied on traditional performance parameters such as throughput, end-to-end delay, PDF and NRL. Moreover, there is a great need to investigate the energy consumption of known protocols in MANETs for future researches.
The research that has been done in MANETs follows two trends, The first trend is the research work related to the design of efficient ad-hoc routing protocols aiming to achieve one or a combination of the targets such as increase in the packet delivery, minimizing energy consumption, and reducing the overheads in MANETs [16] - [24] . However, there are shortcomings in some aspects and improvement in others. The second, upon which the vast majority of research focuses, is performance evaluation based on traditional performance metrics [25] - [31] .
The research conducted in [16] proposed a novel faulttolerant routing approach utilizing a stochastic learning-based weak estimation procedure. The proposed scheme aims to make routing protocol successfully operate in adversarial environment. Authors in [17] have tried to reduce the waste of the limited battery power that occur in exchanging cluster maintenance messages by assigning critical node that has highest priority to be selected as a cluster head, as a results, limited battery power is preserved.
The research conducted in [18] proposed a dynamic energy efficiency algorithm which aims to extend the network lifespan, the proposed approach used two threshold ,yellow threshold that was used to obtain some sort of local load balancing via distributing the load equally among the neighboring cluster-heads, and a red thresholds that was used to prompt local re-clustering in the network. The result obtained in this research revealed that the proposed approach achieved better efficiency than those found in existing weight clustering approach.
The research conducted in [19] proposed a Bird FlightInspired Routing Protocol (BFIRP), the aim was to make highly scalable, dynamic, energy efficient, and position-based routing protocol. The proposal was based on three-dimensional (X, Y, Z) to determine the source and destination location. The outcomes demonstrate that the algorithm was highly scalable, and had low end-to-end delay compared to AODV as well as more efficient than AODV in terms of energy and throughput by 20% and 15% respectively.
The research conducted in [20] proposed learning automata based fault-tolerant routing algorithm which is able to perform routing in the existence of faulty nodes in MANETs. To achieve the optimize selection of paths, decrease the overhead in the network, and for learning about the faulty nodes existence in the network, they have utilized the theory of Learning Automata. The outcomes demonstrate that the packet delivery ratio increased and the overhead decreased as compared to the AODV protocol.
The research conducted in [21] proposed energy efficiency algorithm for a communication network in MANETs. The www.ijacsa.thesai.org proposal aims to optimize energy consumption through selecting the best path in terms of energy for transferring data after computing the energy required for each available path.
The research conducted in [22] proposed Ant-Colony Optimization (ACO) approach for selecting the optimal cluster heads. The aim was optimization of energy consumption as well as stability of the node. The probability function was used to compute the parameters like residual energy, energy drain rate and mobility factor. Node that has the highest value for the probability function will be selected as a cluster-head. The overall workload of communication is computed periodically. The cluster head is reset, if its value is high. The outcome shows that the approach has energy efficiency and clusters stability.
The research conducted in [23] attempted to decrease energy consumption and delay in MANETs. The proposed approach computed the important matrices such as Residual Energy, Node connectivity and Available Bandwidth for election of the cluster head efficiently. A conscious cluster routing algorithm was proposed by using constructed shortest path multicast tree that pick a cluster head as group leader and cluster members as leaf nodes. The most proposed approaches are extension of some of the current protocols which are either reactive protocols such as AODV and DSR or proactive protocols such as OLSR and DSDV.
The research conducted in [24] proposed the AOMDV-ER for improving of network lifetime and reduce routing overhead by using recoil off time technique based on their geographical location in order to reduce the number of transmissions. The outcomes show that the proposed scheme such as AOMDV-ER was able to save energy consumption up to 16%, and 12% reduction in routing overhead.
The second working trend are research on benchmarking and performance analysis of known network protocols, focused on traditional performance metrics such as PDF, throughput and End-to-End delay; or survey studies.
AODV and AOMDV in [25] , [26] are compared with connections up to 50. They have concluded that AOMDV has more routing overhead and delay as compared to AODV, but it has better efficiency in packet drop and PDF.
The research conducted in [27] evaluated the performance of DSR, AODV and AOMDV routing protocol in MANETs by comparing the PDR, throughput, and end-to-end delay. They observed that in a network with increased number of nodes up to 20 nodes, PDF and throughput in AOMDV and DSR routing protocols are better as compared to AODV whereas the delay is less in AOMDV as compared to DSR and AODV.
The survey conducted in [28] reviewed typical reactive routing protocols and revealed the characteristics and trade-offs of AODV, AODV-UU, AOMDV, DSR and DYMO. They have concluded that each of the protocol in the conducted research performs well in some cases and has certain drawbacks in others scenarios.
The performance of AODV, AOMDV, DSR and DSDV were evaluated in [29] through comparing the PDR, packet loss ratio, and end-to-end delay performance matrices for wireless networks. They observed that the performance of AODV is best as compared to AOMDV, DSDV and DSR and therefore the performance of DSR is best as compared to AODV, AOMDV and DSDV in TCP connection type as well as in CBR connection type.
The research conducted in [30] compared and analyzed the performance of AODV and AOMDV routing protocols in MANETs relying on the traditional performance metrics like throughput, end-to-end delay, PDF. They have observed that AOMDV performs well as compared to AODV in terms of PDF and throughput, however, AOMDV incurs a lot of delay in comparison to AODV.
The research conducted in [31] includes AODV, AOMDV, DSDV and DSR. They examined the effect of dynamic change in network topology on the performance based on traditional metrics such as PDR, end-to-end delay and NRL. They observed that AOMDV and DSDV are not suitable when the network topology updates again and again, while AODV and DSR are suitable in such scenario. DSR and DSDV performed better as compared to other protocols in terms of packet delivery ratio, end-to-end delay and NRL. AOMDV had less end-to-end delay but when the network topology changes more frequently, the PDF and NRL are worst as compared to other protocols.
III. RESEARCH METHODOLOGY
This research is based on evaluating the performance of AODV and AOMDV routing protocols in varied aspects, especially in energy consumption. To evaluate the performance, these protocols are simulated using NS-2 version 35 (The Network Simulator -ns-2, https://www.isi.edu/nsnam/ns) [32] . The simulation workflow is shown in Fig. 1 .
A. Simulation Environment
NS2.35 is an object oriented simulator, which is built by combining the advantages of C++ with an OTcl languages. NS2 has full supports for multi-hop wireless ad-hoc environment integrated with physical, data link, and medium access control (MAC) layer model [33] . This research utilized these advantages of NS simulator to set and configure the environment for this research. The protocols have a send buffer of 64 packets to maintain the data packets start with route discovery phase, which are waiting to get the route that has not yet arrived. The mechanism that prevents unlimited buffering is to drop packets in buffer that took longer than 30 seconds. The interface queue that has a maximum size of 50 packets is used to maintain the routing layer packets that are sent until the MAC layer transmits them. The interface queue has two priorities for packets, each perform FIFO order mechanism. The higher primacy is given to routing packets as opposed to data packets [34] .
The evaluations in this research depends on the simulation of 10, 20, 30, 40 and 50 wireless nodes for each protocol, moving randomly along a simulation area (800m x 800m) flat grid for 100 seconds simulation time. A square field grants nodes to move freely with a similar density. For the sake of a fair comparison between the two protocols, we have made the same environment and the same parameters for both protocols mentioned in Table I . Fig. 2 shows the simulation environment setup and configuration. www.ijacsa.thesai.org 
B. Energy Model
The parameters of energy model used in this research are mentioned in Table I and its detail is reflected in Fig. 3 
C. Mobility Model
In this research, the mobility model used is random waypoint, in which the mobile node move randomly and update their location, speed and acceleration change over time. It is simple and widely available model, thus, it is the most common mobility models to evaluate MANETs routing protocol [35] . In this research, node movement is done by dynamic destination setting procedure as shown in Fig. 4 . The scenario files utilized for each simulation are distinguished by same pause time which is 0.5s. All nodes start the simulation by remaining stationary for the pause time period. At the end of pause time period, the node randomly select destination in the simulation area, moving in space at a uniform speed of 10m/s for the entire period of the simulation.
D. Communication Model
This research used the traffic pattern to be constant bit rate (CBR) source over the User Datagram Protocol (UDP) at transport layer. The origin and target pairs are spread randomly across the network. Packets size 512 bytes is used, while the number of CBR packets generated vary based on the connection rate, Hence, for all scenarios in these simulations, we choose to fix connection rate at 4 packets/sec. 
E. Performance Metrics Used in Simulation
In order to evaluate the performance of AODV and AOMDV, we considered the eight most commonly used quantitative indicators to judge the performance of the protocols: (1) Total Energy consumed by all nodes (TE); 
1) Total Energy consumed by all nodes (TE): Energy consumption is computed as follows:
The time needed for transmitting a data packet is ( 1) The Total Energy consumed (TE) by all nodes (N) is:
2) Average Consumed Energy (ACE): It refers to the ratio of total energy consumed by each nodes (TE) to the number of nodes (N). 
4) Packet Delivery Fraction (PDF):
It indicates the ratio of correctly received packets to all sent packets in a period. It is an appraisal indicator of the reliability of transmission in AdHoc network. The smaller value the packet delivery shows the worst performance.
N is the total number of nodes, Pri is the number of packets received by node i, Psi is the number of packets sent by node i.
5) Throughput Rate [kbps] (TR):
It points to the total received packets' size successfully reached at target per unit time.
∑ (6)

6) End-to-End Delay (E2ED):
The time taken by the data packets to be arrived at destination sent by the source is known as Average End-to-End Delay. The Average End-to-End delay value refers to the time used for all potential delays results in buffering procedure, interface queuing, the retransmission procedure executed at MAC and propagation times. The lower the delay time, the better the efficiency.
Where NP refers to total number of the packets received successfully, Rti points to the time when the packet i is received, Sti points to the time when the packet was sent.
7) Routing Load:
The total routing packets transmitted including the packets which are forwarded at network layer are known as Routing Load. (8) where, CPSn points to the number of routing control packets generated to be sent, CPFn points to the number of routing control packets to be forwarded, CPSn and COFn at network layer.
8) Normalized Routing Load (NRL):
Normalized routing load is the average number of routing control packets transmitted at network layer per data packets received by destination at the application layer. It refers to the congestion status of the network. The higher routing load increases the probability of network congestion. (9) Where DPn refers the total number of the data packets received.
IV. RESULTS AND DISCUSSION
This section includes the details discussion about the results generated during simulation. In this research for analyzing the trace file for each scenario the AWK scripting language [36] , [37] is used. Fig. 6 illustrates the energy tracking function of nodes which uses the trace files generated through simulation as input and store the output in the matrix. While Fig. 7 illustrates compute function of energy that is consumed by nodes, which uses the output of tracking function as input and compute consumed energy for each node as output. Tables II, III , IV, V and VI show the results obtained regarding energy consumption by each node in the various scenarios separately for both protocols AODV and AOMDV. 284 | P a g e www.ijacsa.thesai.org Fig . 8 shows the total energy consumed by all nodes of each scenario. The outcomes demonstrated that the AODV consumed less energy as compared to AOMDV, the possible reason behind this is that AODV is single-path protocol and found single path to destination due to which it consumed less energy. The term average energy consumed reflects the percentage of energy consumed by each node. Fig. 9 shows this result, which shows more energy consumed by the AOMDV when the number of nodes increased. Fig. 10 shows the percentage of residual energy or battery life for each node in different scenarios, by using the equation number (4); it is clear from Fig. 10 that the AODV has more residual energy as compared to AOMDV. PDF indicates the percentage of packets that arrived at the destination successfully. Fig. 11 shows the PDF of AODV and AOMDV in the first two scenarios (at 10, 20 nodes with 1 and 2 connections) are almost same. However, with the increase in the number of nodes and CBR connections (at 30, 40, 50 nodes with 3, 4, 5 connections) AOMDV showed better results as compared to AODV. Fig. 12 shows the network throughput rate of AODV and AOMDV versus the number of nodes. Based on the results, AOMDV produced better throughput rate. In other words, when the number of nodes increased the AOMDV throughput increased and when the number of nodes decreased the AOMDV throughput decreased. AODV is a single-path routing protocol whose average end-to-end delay is higher as compared to multi-path protocols. Fig. 13 clearly shows the higher delay of AODV as the number of nodes and the number of connections increases, and in case of AOMDV it reduced. This is the nature of the AOMDV protocol, which works to find alternate paths when the basic path is lost without having to rediscover the path, and therefore does not require extra time. Routing load of AODV and AOMDV protocol is shown in Fig. 14 . The simulation outcomes demonstrated that the AODV protocol produced less routing overhead because it is a singlepath protocol. NRL indicates the number of routing packets transmitted including the forwarded packets per data packets delivered at application layer to the destination. Fig. 15 shows the simulation results of the NRL of AODV and AOMDV at different number of nodes, and in various CBR connections. It has been observed that AOMDV has higher NRL. The reason is that routing overhead is higher in AOMDV because the nature of the protocol is multi-path, where the routing packets seeking to find many alternate routes are retained and are used in case of loss of connection of the main path in order to reduce end-to-end delay and increases packet delivery rate.
V. CONCLUSION
In this research performance evaluation of two routing protocols AODV and AOMDV in MANETs has been done. There is a lack of detailed evaluation of energy consumption of mobile ad-hoc network protocols. Furthermore, there is a great need to investigate the energy consumption of known-protocols in MANETs for future research studies. The vast majority of studies concentrated on performance parameters based on traditional performance metrics. This research provides a paradigm for future studies for the development of dynamic routing protocols, which are more efficient and effective in terms of energy consumption and producing less overhead.
Extensive simulation has been done in NS2 simulator, which includes ten scenarios, five for each protocol; vary in density of nodes and traffic. It has been concluded in this research that the performance of AOMDV is more optimal as compared to AODV in terms of packet delivery fraction, throughput and end-to-end delay. However, in terms of energy consumption and normalized routing load, AODV is more optimal as compared to AOMDV. It is also concluded that AOMDV is more suitable when the network is stable; however, its performance is reduced when the network topology changes frequently. Furthermore, there is a trade-off in AOMDV routing protocol between energy consumption on the one hand and PDF efficiency and throughout on the other hand.
